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Abstract 
The present work reports the preparation of hollow TiO2 nanospheres through sacrificial core templating method where, the sacrificial core 
of carbon spheres were indigenously synthesized and mixed into the starting ethanolic solution of titanium tetraisopropoxide (TTIP) under 
ambient condition. The solid obtained on the hydrolysis of TTIP were dried and calcined in air to acquire the hollow nanospheres of TiO2 in 
anatase phase. The acquired samples were further doped with varying mole % of Mn(II) to invoke magnetism in the material. X-ray 
diffraction and thermal studies reflected the anatase to rutile phase transformation of TiO2 at 550 °C when the dopant (i.e., Mn) 
concentration was increased from 0 to 6 mol % (with respect to Ti). The hollow and spherical morphology of the TiO2 nanostructures were 
confirmed through scanning electron microscopic studies while their ferromagnetic behaviour (at 300 K) was affirmed through SQUID 
analysis. For intracellular applications, the biocompatibility of the nanospheres was tested through conventional MTT assay, performed on 
MDA-MB 231 cancer cell lines. 
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INTRODUCTION 
Titania (TiO2) is an important class of naturally occurring inorganic material widely used in photocatalytic detoxification and 
disinfection applications [1], as pigment [2], in electronic device fabrication [3], in pharmaceuticals etc. It commonly exists in three 
different polymorphic forms: anatase, rutile, and brookite, with each phase exhibiting unique property. For instance, it has been found 
that anatase possesses the lowest surface free energy whereas rutile has the lowest bulk free energy [4]. Consequently, TiO2 
nanoparticles usually exist in the anatase phase [4]. The rutile phase has been proved to be the most thermodynamically stable phase 
of titania, while the anatase phase is metastable [5], and usually gets converted to the rutile phase at higher temperature (600-700 °C) 
[6] or, with doping.  
Researchers have adopted various approaches to prepare TiO2 with different morphologies, such as, nanoparticles [7], nanorods [8], 
nanowires [9], nanosheets [10], nanotubes [11], mesopores [12], and nanoporous spheres [13]. Among these different morphologies, 
the hollow spheres have acquired eminence due to their low density, large surface area, tunable pore structure, good surface 
permeability, and high light harvesting efficiencies [14]. 
The low cost, biological & chemical inertness and biocompatibility of TiO2 has led researchers to explore their potential in various 
biomedical applications such as, in drug delivery, intracellular delivery of DNA oligonucleotides and cell behaviour control [15]. 
Among these applications, TiO2 holds great prospect in therapeutics, through fabrication of nanocarriers for drug delivery application. 
However till date, all literature reports on drug delivery application using TiO2-based nanocarriers have been performed using either 
mesoporous TiO2 [15] or TiO2 nanotubes [16, 17]. In the current work, we have attempted to synthesize hollow nanospheres of TiO2 
and test their suitability as nanocarriers for drug delivery application. In addition, the hollow anatase-phased TiO2 nanospheres have 
been doped with Mn(II) to realize the stable rutile phase at temperatures below 600 °C. Besides, doping the TiO2 nanospheres with 
Mn(II) renders it magnetic and is anticipated to enable their magnetic field induced navigation in targeted drug delivery application. 
Herein, hollow TiO2 nanospheres have been prepared through ultra-sonication of an ethanolic mixture of titanium tetraisopropoxide 
(TTIP) and carbon spheres under ambient condition while the Mn-doped samples were obtained by the addition of manganese (II) 
acetate tetrahydrate in the starting solution mixture. The carbon spheres, prepared through hydrothermal treatment of aqueous solution 
of dextrose, were used as the sacrificial core for the synthesis of hollow TiO2 spheres, while samples with different Mn-doped 
concentrations were obtained by changing the mole percent of Mn (i.e., 0, 2, and 6 mol % with respect to Ti) in the samples. The 
synthesized spheres were characterized by X-ray diffraction (XRD) and scanning electron microscopy (SEM). The thermal and 
magnetic properties of the spheres were also investigated. In addition, the prepared spheres were tested for their biocompatibility via 
the conventional MTT assay, performed using MDA-MB 231 human breast cancer cell lines. 
EXPERIMENTAL 
Materials and synthesis 
The Mn-doped TiO2 hollow spheres were prepared using titanium tetraisopropoxide (TTIP) (Spectrochem Pvt. Ltd., India), 
manganese (II) acetate tetra hydrate (Merck, India) and anhydrous dextrose (Merck, India). Dehydrated ethanol and milli-Q water 
were used throughout the study. 
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For the preparation of carbon spheres, aqueous solution of dextrose (0.7 M) was hydrothermally treated at 170 °C for 6 h under 
autogenous pressure and the obtained blackish residue was centrifuged, washed and finally dried at 60 °C for 12 h. The TiO2 hollow 
spheres were prepared by mixing 20 mmol TTIP and 0.08 g of freshly prepared carbon spheres in 40 mL of ethanol. The mixture was 
ultra-sonicated for 30 min and then allowed to stand undisturbed for 6 h. The hydrolyzed residue was then separated through 
centrifugation, dried at 60 °C in a hot air oven for 12 h and finally calcined at 550 °C for 4 h. For Mn-doped samples, required amount 
of manganese (II) acetate tetra hydrate was added to the starting ethanolic solution mixture of TTIP and carbon spheres. Three 
different samples with dopant concentration of 0, 2, and 6 mol % (with respect to Ti) have been prepared and the corresponding 
samples have respectively been designated in the text as HTM0, HTM2, and HTM6. 
Procedure for biocompatibility studies 
The biocompatibility of the prepared TiO2 nanospheres were tested through the conventional MTT [3-(4, 5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide] assay using MDA-MB 231 cell lines. The cells were seeded and grown in 96-well plate, after which 
they were treated with varying concentrations of the prepared hollow nanospheres (10-250 µg/mL) and incubated for 48 h. After 
incubation, the nanospheres were discarded and MTT solution (1 mg/mL) was added to each well of the plate. Finally, the MTT 
solution was replaced with dimethyl sulfoxide (DMSO) and the absorbance of formazan dye formed by the viable cells, was measured 
at 550 nm using a bench-mark microplate reader. The test was performed in triplicate and the cytotoxic effect for each of the sample 
was expressed as percentage of cell viability relative to the untreated control cells using equation 1. 
Cytotoxic effect (%) = (OD of treated cells/OD of control cells) × 100 (1) where, OD stands for the optical density of the respective 
solution at 550 nm. 
RESULTS AND DISCUSSION 
Morphological analysis 
The morphological analysis of the prepared carbon spheres and titania samples were performed through scanning electron microscopic 
(SEM) studies and the micrographs are shown in Figure 1. The SEM micrograph of as-prepared carbon spheres reveals spherical 
morphology with smooth surface and uniform diameter (Figure 1a). The SEM image of as-prepared precalcined HTM0 (Figure 1b) 
and HTM6 (Figure 1c) samples also reveals smooth surface and spherical morphology. The SEM image of calcined (at 550 °C for 4 h) 
HTM0, HTM2 and HTM6 samples however showed hollow spheres with diameters of ~400 nm and wall thickness of ~40 nm, as is 
apparent from Figure 1d, 1e and 1f respectively. 
 
Figure 1: SEM images of carbon spheres (a), precalcined HTM0 (b), precalcined HTM6 (c), and the calcined samples of 
HTM0 (d), HTM2 (e) & HTM6 (f). 
X-RAY POWDER DIFFRACTION (XRD) STUDIES 
XRD studies were carried out for all the calcined hollow nanospheres over 2θ range of 10-70° to determine their crystalline phase and 
purity. The patterns, shown in Figure 2, reveal that with increase in the dopant (i.e. Mn) concentration the intensity of the 
characteristic diffraction lines corresponding to the anatase phase decreases and is gradually replaced by the characteristic diffraction 
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lines corresponding to the rutile phase of titania. The HTM0 sample (i.e., the undoped sample) exhibits the characteristic peaks of pure 
anatase phase of titania [JCPDS file no. 86-1157], while the rutile phase [JCPDS file no. 76-0317] was eventually attained in HTM6 
(containing 6 mol % of Mn with respect to Ti). The HTM2 sample (comprising of 2 mol % Mn with respect to Ti) showed mixed 
phase with predominantly anatase phase peaks. The phase transformation from anatase to rutile with increasing dopant concentration 
might be due to the incorporation of Mn ions into the titania crystal lattice that facilitates the transformation of phase when the dopant 
concentration is increased up to 6 mol %. Although, the anatase to rutile phase transformation in titania generally occurs at higher 
temperature (600-700 °C) [6], but it is evident from the present study that this phase transformation could be attained at a lower 
temperature (~ 550 °C) when titania is doped with up to 6 mol % of Mn. The absence of additional peaks in the XRD patterns of the 
prepared nanospheres indicates the purity of the samples and infers the proper doping of Mn ions into the crystalline lattices of titania. 
 
Figure 2: XRD patterns for HTM0, HTM2 and HTM6. 
THERMAL ANALYSIS 
The thermal behaviour of the hollow nanospheres was studied from the TGA (thermogravimetric analysis) and DTA (differential 
thermal analysis) curves of their respective as-prepared uncalcined samples. The TGA curves, shown in Figure 3a, show four regions 
of significant mass loss in all the three samples viz. HTM0, HTM2, and HTM6. The weight loss from room temperature (29 °C) to 
~140 °C,140 to ~235 °C, and 235 to ~395 °C can respectively be assigned to the loss of physically adsorbed water, crystallization 
water, and carbon core through combustion. The fourth mass loss between 395 and ~445 °C can be attributed to the crystallization of 
amorphous state to anatase phase of titania in all the three samples (i.e., HTM0, HTM2, and HTM6). Beyond 450 °C, the TGA curves 
for all the three samples show no significant mass loss, indicating the formation of thermally stable titania phase. The DTA curve of 
the samples, shown in Figure 3b, reveals a broad endothermic peak for all the three samples in the temperature region corresponding 
to the dehydration process. The removal of carbon core as well as the crystallization of amorphous state to anatase phase of titania are 
accompanied by exothermic peaks at 290 & 430 °C in HTM0, 287 & 417 °C in HTM2, and 280 & 409 °C in HTM6. A third 
exothermic peak starts to appear at 610, 492, and 468 °C in the DTA curve for HTM0, HTM2 and HTM6 respectively, that represent 
the temperature for phase transformation from anatase to rutile phase of titania. It is evident from the DTA curves that on doping 
titania with 6 mol % Mn, the phase transformation temperature is lowered from 610 °C in HTM0 (undoped titania) to 468 °C in 
HTM6, consistent with the XRD patterns of the samples analyzed after calcination at 550 °C. 
 
Figure 3: TGA (a) and DTA (b) curves for HTM0, HTM2 and HTM6. 
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The magnetic property of the Mn-doped TiO2 hollow nanospheres (viz. HTM2 and HTM6) were studied from their superconducting 
quantum interference device (SQUID) analyses. Figure 4 illustrates the field-dependent magnetization curves of the two samples at 
room temperature (i.e. 300 K). It is visible that the saturation magnetization of HTM6 (0.048 emu/g) is comparably higher than HTM2 
(0.037 emu/g), suggesting the increase in magnetization with increase in Mn content. Further, the samples were observed to exhibit 
room temperature ferromagnetism, as indicated by the hysteresis loops of the samples at 300 K in Figure 4b and 4c. The coercive field 
for HTM2 and HTM6 were found to be 34.7 and 183.7 Oe respectively. From the results, it can be inferred that the observed 
ferromagnetism in the samples at room temperature is due to the incorporation of Mn ions into the titania crystal lattice and any 
possible contribution from manganese oxides and Ti/Mn binary oxides can be ruled out, since they are ferromagnetic only at 100 K or 
less [18]. 
 
Figure 4: Field-dependent magnetization curves for HTM2 and HTM6 (a); hysteresis loop for HTM2 (b) and HTM6 (c). 
BIOCOMPATIBILITY STUDIES 
To ascertain the safety and toxicological level of the prepared nanospheres for intracellular applications, their biocompatibility was 
tested by MTT assay using MDA-MB 231 human breast cancer cell lines. For the assay, the cells were treated with various 
concentrations of the nanospheres. Figure 5 shows the percentage of viable cells at various concentrations of the nanospheres. It was 
observed that the half maximal inhibitory concentration (IC50) for all the three samples is higher than 250 μg/mL. The cell viability for 
HTM0, HTM2, and HTM6 was observed to be 68.8, 72.5, and 59.4 % respectively at the concentration of 250 μg/mL indicating a 
slight decrease in the cell viability percent with increase in the dopant (i.e. Mn) concentration. However, the higher IC50 values (> 250 
μg/mL) and cell viability percent at the concentration of 250 μg/mL infers the biocompatible nature of the nanospheres and their 
suitability for usage in various intracellular applications. 
 
Figure 5: MTT assay of the prepared nanospheres 
The optical microscopic images of the cell lines in Figure 6, taken after 48 h of incubation with different concentrations of the 
prepared nanospheres, further substantiate the observations from MTT assay. 
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Figure 6: Optical microscopic images of the cell lines after 48 h of incubation with the prepared hollow nanospheres at 
concentration of 40 and 250 μg/mL 
CONCLUSIONS 
In conclusion, magnetic and biocompatible Mn-doped TiO2 hollow nanospheres, with diameter of ~400 nm and wall thickness of ~40 
nm, have been prepared in the stable rutile phase via sacrificial core templating method where the hydrothermally synthesized carbon 
spheres acted as the sacrificial core templates. The undoped TiO2 sample exhibited the anatase phase which got transformed into the 
stable rutile phase with increase in the dopant (i.e., Mn) concentration to 6 mol % at temperature as low as 550 °C. The Mn-doped 
samples were found to exhibit ferromagnetism at 300 K. Further, the samples were found to be biocompatible with cell viability 
higher than 59 % at concentration as high as 250 μg/mL thereby validating their suitability for various biomedical applications. 
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FUTURE SCOPE OF THE WORK 
The prepared Mn-doped TiO2 hollow spheres can be surface functionalized with different hydrophilic and hydrophobic functionalities 
for usage as nanocarriers in drug delivery application. The hollow spheres can also be utilized in other biomedical fields such as 
biosensing as well as for immobilization of biomolecules, etc. The hollow spheres also hold the scope for being used as 
photocatalysts. 
REFERENCES 
1. Ranjith G. Nair , Jetendra K. Roy , S. K. Samdarshi , A. K. Mukherjee, Mixed phase V doped titania shows high photoactivity 
for disinfection of Escherichia coli and detoxification of phenol, Solar Energy Materials & Solar Cells, 105, 2012, 103–108. 
2. Patrícia M. Tenório Cavalcante, Michele Dondi, Guia Guarini, Fernanda M. Barros, Adão Benvindo da Luz, Ceramic 
application of mica titania pearlescent pigments, Dyes and Pigments, 74, 2007, 1-8. 
3. L. Francioso, M. Prato, P.Siciliano, Low-cost electronics and thin film technology for sol–gel titania lambda probes, Sensors 
and Actuators B: Chemical, 128, 2008, 359-365. 
4. Kairat Sabyrov, Nathan D. Burrows, R. Lee Penn, Size-dependent anatase to rutile phase transformation and particle 
growth, Chemistry of Materials, 25, 2013, 1408−1415. 
5. Nam H. Vu, Hieu V. Le, Thi M. Cao, Viet V. Pham, Hung M. Le, Duc Nguyen-Manh, Anatase–rutile phase transformation 
of titanium dioxide bulk material: a DFT + U approach, Journal of Physics: Condensed Matter, 24, 2012, 405501 (10pp). 
6. C. Suresh, V. Biju, P. Mukundan, K.G.K. Warrier, Anatase to rutile transformation in sol-gel titania by modification of 
precursor, Polyhedron, 17, 1998, 3131-3135. 
7. Roman Alvarez Roca, Edson Roberto Leite, Size and shape tailoring of titania nanoparticles synthesized by solvothermal 
route in different solvents, Journal of the American Ceramic Society, 96, 2013, 96-102. 
8. Jin- Ming Wu, Low-temperature preparation of titania nanorods through direct oxidation of titanium with hydrogen 
peroxide, Journal of Crystal Growth, 269, 2004, 347–355. 
9. Jian Shi, Xudong Wang, Growth of rutile titanium dioxide nanowires by pulsed chemical vapor deposition, Crystal growth 
and design, 11, 2011, 949–954. 
10. Xiguang Han, Qin Kuang, Mingshang Jin, Zhaoxiong Xie, Lansun Zheng, Synthesis of titania nanosheets with a high 
percentage of exposed (001) facets and related photocatalytic properties, Journal of the American Chemical Society, 131, 
2009, 3152–3153. 
11. Jeganathan Akilavasan, Kosala Wijeratne, Hellio Moutinho, Mowafak Al-Jassim, A. R. M. Alamoud, R. M. G. Rajapakse, 
Jayasundera Bandara, Hydrothermally synthesized titania nanotubes as a promising electron transport medium in dye 
Green Chemistry & Technology Letters  
Vol 2, No 2, March 2016, pg. 68-73 
eISSN: 2455-3611, DoI: 10.18510/gctl.2016.223 
www.greenchemistry.in 73 
 
sensitized solar cells exhibiting a record efficiency of 7.6% for 1-D based devices, Journal of Materials Chemistry A, 1, 2013, 
5377-5385. 
12. Adel A. Ismail, Detlef W. Bahnemann, Mesoporous titania photocatalysts: preparation, characterization and reaction 
mechanisms, Journal of Materials Chemistry, 21, 2011, 11686-11707. 
13. Liang-Shu Zhong, Jin-Song Hu, Li-Jun Wan, Wei-Guo Song, Facile synthesis of nanoporous anatase spheres and their 
environmental applications, Chemical Communications, 2008, 1184-1186. 
14. Jian- Wen Shi, Jian-Wei Chen, Hao-Jie Cui, Ming-Lai Fu, Hong-Yuan Luo, Bin Xu, Zhi-Long Ye, One template approach to 
synthesize C-doped titania hollow spheres with high visible-light photocatalytic activity, Chemical Engineering Journal, 195–
196, 2012, 226–232. 
15. Kevin C.-W. Wu, Yusuke Yamauchi, Chen-Yu Hong, Ya-Huei Yang, Yung-He Liang, Takashi Funatsu, Makoto Tsunoda, 
Biocompatible, surface functionalized mesoporous titania nanoparticles for intracellular imaging and anticancer drug 
delivery, Chemical Communications, 47, 2011, 5232–5234. 
16. Moom Sinn Aw, Karan Gulati, Dusan Losic, Controlling drug release from titania nanotube arrays using polymer 
nanocarriers and biopolymer coating, Journal of Biomaterials and Nanobiotechnology, 2, 2011, 477-484. 
17. Seong Je Cho, Hyun Ju Kim, Jae Ho Lee, Hyun Woo Choi, Ho Gi Kim, Hyung Min Chung, Jeong Tae Do, Silica coated 
titania nanotubes for drug delivery system, Materials Letters, 64, 2010, 1664–1667. 
18. Z. M. Tian, S. L. Yuan, Y. Q. Wang, J. H. He, S. Y. Yin, K. L. Liu, S. J. Yuan, L. Liu, Magnetic studies on Mn-doped TiO2 
bulk samples, Journal of physics D: applied physics, 41, 2008, 055006 (5pp). 
